Nineteen rice combinations derived from Zhongzhe A and its derived lines, as well as Y Liangyou 1 as the control, were used to study lodging resistance by detecting plant height and some of the traits of culm and panicle that are related to lodging. The results indicated that the lodging resistance of 16 combinations was significantly stronger than that of Y Liangyou 1. Moreover, the lodging resistances of all combinations derived from Zhongzhe 2A, Zhongzhe 3A, Huazhe A and Zhong 1A were significantly higher than that of Y Liangyou 1. Additionally, the traits related to lodging were not identical within different CMS rice lines, and the relationship between plant height and lodging resistance was only significantly (P < 0.01) detected in Zhongzhe 2A. Some traits of the second internode were closely related to lodging in all combinations, which can be used as an effective index in lodging resistance breeding in rice.
Introduction
Oryza sativa L. is one of the most important food crops in the world, and its yield is directly related to the food security of the country. In recent years, with the widespread application of super rice, cultivation and cultivation methods such as less tillage, no tillage, transplanting seedlings, and direct seeding; and the excessive application of fertilizer, the lodging phenomenon of rice is becoming increasingly widespread. Lodging has become a major obstacle to achieving a high yield of rice. The earlier the lodging is, the greater the impact on yield. The It is the precondition and the basis for the study of the lodging resistance of rice to establish an objective and scientific evaluation method to accurately identify the traits related to lodging in rice. Many studies have shown that the resistance of rice is closely related to the characteristics of plant height, stalk strength, spike type factor and so on. It is generally believed that the height of the plant is positively correlated with lodging, and reducing plant height is the most effective measure to reduce lodging [3] [4] . However, Zhang et al. [5] found that the height of the plant was not directly related to lodging resistance in a certain range. A study by Shen et al. [6] also found that the higher varieties are not necessarily prone to lodging, and the shorter varieties do not necessarily avoid lodging. Studies on the related characteristics of rice stalk show that the elongation length, the fullness (fresh weight), the stem roughness, the stem wall thickness, the biomass yield and other stem morphological characteristics are closely related to the lodging resistance of the crops [3] [7] [8] [9] [10] [11] . Some scholars have studied the relationship between spike type and lodging by measuring the center of gravity and the bending moment. It is considered that the spike type can affect lodging resistance by bending the force-bend distance and center of gravity, thus increasing the bending distance and the center of gravity, decreasing lodging resistance, and, conversely, increasing the lodging resistance [12] [13] [14] [15] .
Because of the different research materials and methods, there is no consistent evaluation index and method in the study of rice lodging. Zhongzhe A is a high-quality CMS line selected from the Chinese Rice Research Institute [16] . It is equipped with Zhongzheyou 1 and Zhongzheyou 8, with a batch from the Zhongzheyou series; due to its characteristics of good plant type, excellent quality, and high yield, it has been widely used in production [17] . In this paper, the high-quality aromatic CMS line Zhongzhe A and its derivative materials were used as experimental materials; in order to improve the lodging resistance of the series of hybrid rice varieties, the hybrid rice variety Y Liangyou 1, with the largest area of production promotion in recent years, was used as a control to further the research on the lodging resistance of the combination of the Zhongzheyou series and provide references for the cultivation of lodging-resistant varieties.
Materials and Methods

Materials
The research material originates from the group of 6 CMS lines from Zhongzhe A and its derivative lines, which are composed of 19 parts, including Zhongzheyou 1, Zhongzheyou 8 and Zhongzheyou 10, which were hybridized from Zhongzhe A and registered by crop variety approval committee of many provinces in China.
The hybrid rice variety Y Liangyou 1, with the largest area in the country in recent years, has been used as a control (Table 1) . A total of 20 rice materials 
Experimental Methods
The characters of 20 test materials, including plant height, stem correlative characters and spike type factor, were investigated. Each material randomly included 10 strains. As the difference between two replications was not significant, 11) The bending moment: the length from the base of the node to the top of the ear × the fresh mass from the base of the joint to the top of the spike × 9.8.
Calculation and Evaluation of Lodging Index
Lodging index = bending moment/resistance × 100%. The greater the lodging index is, the easier the stalks fall down, and lodging index 200 is the critical value for lodging resistance [3] [18].
Analytical Statistical Methods
The correlation analysis and single factor variance analysis (Duncan multiple comparison) of rice lodging-related traits were performed by SPSS 18.0 statistical analysis software. Origin 7.5 analysis software was used. Table 2 ).
Results
Plant Height and Spike Character of the Test Materials
Characteristics of the Main Stems of the Test Material
The outer diameter of the first section of Zhongzhe 2A/TP66 was the same as that of the control Y Liangyou 1, both of which were 0.74 cm. The outer diameter of the first section of the other 18 materials was thicker than the control, and the thickest one was Zhongzhe 3A/TP49., which reached 1.02 cm, very significantly different from the control (P < 0.01). In addition to the 2 nd section of Zhongzheyou 1, the outside diameter is finer than the control, as well as the 2 nd -section OD and control of Zhongzhe A/TP37 and Zhongzhe 2A/TP7. The other materials were thicker than those in the 2 nd section, of which the thickest was Zhongzhe 3A/TP49, which reached 0.85 cm, and the control Y Liangyou 1 was only 0.66 cm, with a significant difference compared to the control (P < 0.01). The coarsest outer diameters of sections 3 and 4 were Zhongzhe 3A/TP49, and the shortest was Zhongzheyou 1 ( Table 2 ).
Among the 19 tested materials, except for the dry weight of the first section, Zhongzheyou 8 was lower than that of the control Y Liangyou 1, and the dry weight of the first section of the other 18 materials was higher than that of the control, among which Zhongzhe 8A/TP37 was the highest, reaching 0.58 g, which was extremely significant compared with the control (P < 0.01). The highest dry matter weight in sections 2 and 3 was Zhongzhe 2A/TP37, which was significantly higher than that of the control (P < 0.01). The highest dry matter weight in section 4 was Zhongzhe 8A/TP37, which was significantly higher than American Journal of Plant Sciences that of the control. The highest dry matter weight in section 4 was Zhongzhe 8A/TP37, which was significantly higher than the control. There was no significant difference in dry weight between the three sections of Zhongzhe 2A/TP37
and Zhongzhe 8A/TP37 (Table 2 ).
The Bending Force between the Main Stems of the Test Material at Each Node
Among the 19 tested materials, the bending moments, the internodes to the tip weight and the flexural strength of the joints of Zhongzhe A/TP15, Zhongzhe 3A/TP49 and Huazhe A/TP15 were significantly higher (P < 0.01 or P < 0. showed no significant difference from the control (Table 3) .
The Lodging Resistance of the Tested Materials
Among the 19 tested materials, the lodging index of 13 materials such as 
Analysis of the Lodging Correlation between Different CMS Lines
There were significant correlations between the 13 characters and lodging indi- 
Discussion
Evaluation of the Anti-Lodging Ability of the Combination of Zhongzheyou Series
In this study, 19 rice materials were prepared by Zhongzhe A, and its derived lines were selected. Y Liangyou 1 was used as a control, including for comprehensive plant height [3] [4], for stem-related traits [9] [10] [11] and for several traits related to rice lodging that have been reported and analyzed by predecessors, such as spike type [12] [13] . Because the lodging index takes into account the characteristics of rice plant height, fresh quality and other mechanical characteristics such as stem bending force and so on, it has a strong comprehensive evaluation performance [19] , so this study uses the lodging index to measure the resistance of the rice varieties to the lodging ability. The higher the lodging index, the easier it is for the stem to fall down.
By comparing the lodging index of 19 rice materials, it was found that the lodging index of 18 materials was smaller than that of the control Y Liangyou 1, especially the 14 materials of Zhongzhe A/TP15, and the lodging index was significantly less (P < 0.01) than Y Liangyou 1, which may be related to the selected CMS. Lan Caixia et al. [20] found that the parental selection is important to avoid the occurrence of lodging in the analysis of the correlation between the lodging resistance of hybrid japonica rice and its parents. Ding Mingliang et al [21] found that the lodging resistance of the variety is closely related to its parents, and the selection of anti-falling varieties as parents can improve the lodging resistance of the cultivated varieties. The reason is that we always adhere to the main direction of shaping the ideal plant type and the heterosis utilization of Indica-japonica subspecies in the long-term breeding work. 
Evaluation of Key Factors Affecting Lodging in Rice
In this study, when we analyzed the lodging-related traits of 19 rice materials from Zhongzhe A and its derived lines, it was found that the correlation between plant height, stem-stalk correlation traits, spike type factor and lodging was consistent with that of previous research results.
In this study, only a significant positive correlation between plant height and lodging index was found in the combination of Zhongzhe 2A. This is consistent with previous research results. Plant height is not necessarily the most important determinant of rice lodging [3] [5] [6] . However, in the combination of Zhongzhe A, Zhongzhe 2A, Zhongzhe 3A, Zhongzhe 8A and Zhong 1A, the second internode length and the lodging index were found to be extremely significant or significantly positively correlated with the results of studies by Yang Yanhua et al. [24] , Yang Guotao et al. [25] and Shen Guangle et al. [26] . In the combination of Zhongzhe A, Zhongzhe 8A, Huazhe A and Zhong 1A, it was found that the bases of the first and second sections were significantly or significantly negatively correlated with the top weight and the lodging index, which indicated that in the late stage of grain filling, maintaining the stalk fresh green and the live stalk mature is conducive to improving the lodging resistance of rice [6] , which is contrary to the research of Shen Guangle et al. [26] . This can be due to the findings of Shen Guangle et al. Fresh weight is so heavy that it becomes a constituent factor that causes lodging. In the combination of Zhongzhe A, Zhongzhe 2A and Zhongzhe 8A, the third section of dry weight and the lodging index were
significantly or significantly negatively correlated, and in the combination of Zhongzhe A, Zhongzhe 2A and Zhongzhe 8A and Huazhe A, the 2 nd section OD and the lodging index showed a significant or extremely significant negative correlation, which is consistent with the research of Shen Feng et al. [6] and Shen Guangle et al. [26] . Increasing the dry matter content of the stem and cultivating the strong stalk variety should be one of the strategies to preventing rice lodging.
The southern Indica rice, especially the large panicle hybrid Indica rice combination, has a short panicle neck and drooping ear, and the neck curvature is large. When the external force acts, the panicle neck swings with the wind to relieve the force of the stem to the base internode [27] . In the combination of Zhongzhe A, Huazhe A and Zhong 1A, it was found that the grain number per grain and the grain density were significantly or significantly negatively correlated with the lodging index, which may be due to the larger number of grains per panicle. The larger the grain density, the more favorable the ear sag, and the easier it is to cause the ear to swing with the wind, which is beneficial to alleviate the folding force of the stem to the base.
The Lodging Resistance Improvement Strategy of the Combination of Zhongzheyou Series
Although this study found that the lodging resistances of Zhongzhe A and its derived CMS lines were significantly higher than that of the control Y Liangyou 1, Zhongzheyou 1 was represented in the actual production process of rice.
There is still a serious lodging in the late growth stage of the varieties that have The results showed that the physical characteristics of the 2 nd section of rice stalk were closely correlated with those of the lodging index of rice, which could be used as an effective index for the resistance of rice in the field to improve the yield of rice. However, we should also see that the rice lodging resistance is the result of many factors of the stem; they are mutually restrained to promote contradictory unity; only by rationally arranging them into an optimal combination can the stalk lodging resistance be maximized. In the actual promotion process of the variety, the difference in lodging resistance between different varieties should be fully considered and promoted according to the local condition.
